Proteomics of Desulfovibrio desulfuricans and X-ray absorption spectroscopy to investigate mercury methylation in the presence of selenium.
The effects of mercury added as Hg(2+) and selenium as selenite to cultures of the sulfate reducing bacterium Desulfovibrio desulfuricans were investigated under controlled laboratory conditions. There was no significant difference in the growth curves in comparison to control except in the 0.5 μM Hg-6.3 μM Se combined system in which Hg methylation was significantly reduced. A significant decrease in the production of methylmercury indicates a disruption of the methylation process due to the presence of the relatively high concentrations of Se in the system, suggesting a modification of the biological pathway. The results of detailed 2D gel electrophoresis in combination with mass spectrometry confirmed that the Hg methylation process should certainly be influenced when the protein Dde_1198 protein-glutamate O-methyltransferase was totally suppressed in a culture containing 0.5 μM Hg and 6.3 μM Se. Since this protein plays an important role in the methylation process, its suppression in the presence of Se brings a possible explanation for the antagonism between Se and Hg in natural systems. The experiment involving the determination of Hg and Se in membrane proteins separated by 1D gel thin-layer isoelectric focusing revealed that when both elements were present in a culture, the concentration of Hg in the separated proteins was significantly lower in comparison to those without added Se to the culture and vice versa. Finally, near-edge X-ray absorption spectroscopy and extended X-ray absorption fine structure were used to corroborate the presence of a very inert solid HgSe in the cell membrane obtained from the culture containing 0.5 μM Hg and 6.3 μM Se. This confirms the protective effect of Se against Hg assimilation at the molecular level and reinforces the findings of our research group in numerous field and laboratory studies.